To evaluate neurotrophin (NT) (nerve growth factor [NGF], NT-3, and brain-derived neurotrophic factor [BDNF]) expression in autopsy lung tissues of human congenital diaphragmatic hernia (CDH) infants versus that of infants that expired with: 1) "normal" lungs (controls); 2) chronic lung disease (CLD); and 3) pulmonary hypertension (PPHN). Hypothesis: NT expression will be significantly altered in CDH lung tissue compared with normal lung tissue and other neonatal lung diseases. Study design: Immunohistochemical studies for NT proteins NGF, BDNF, and NT-3 were applied to human autopsy neonatal lung tissue samples. Subject selection: The samples included a control group of 18 samples ranging from 23-week gestational age to term, a CDH group of 15 samples, a PPHN group of six samples, and a CLD group of 12 samples. Methodology: The tissue samples were studied, and four representative slide fields of alveoli/ saccules and four of bronchioles were recorded from each sample. These slide fields were then graded (from 0 to 3) by three blinded observers for intensity of staining. Results: BDNF, NGF, and NT-3 immunostaining intensity scores were significantly decreased in the CDH lung tissue (n=15) compared with normal neonatal lung tissue (n=18) (P,0.001). The other neonatal pulmonary diseases that were studied, CLD and PPHN, were much less likely to be affected and were much more variable in their neurotrophin expression. Conclusion: NT expression is decreased in CDH lungs. The decreased expression of NT in CDH lung tissue may suggest they contribute to the abnormality in this condition.
Introduction
Neurotrophins (NTs) are a multigene family of polypeptide growth factors which include: nerve growth factor (NGF); brain-derived neurotrophic factor (BDNF); NT-3; NT-4/5; and NT-6. They exert their effects by binding to receptors on the surface of responsive cells. [1] [2] [3] The physiologic role of NTs includes promoting differentiation and survival of developing neurons in the central and peripheral nervous system. [1] [2] [3] [4] Moreover, they have also been shown to stimulate differentiation and proliferation of other cell types. 1, 2, [5] [6] [7] [8] [9] Congenital diaphragmatic hernia (CDH) is a condition in which there is failed development of the diaphragm muscle during embryogenesis, along with pulmonary hypoplasia and pulmonary hypertension. [10] [11] [12] [13] Studies have shown that in CDH there is abnormal neural crest development including frequent abnormalities of the phrenic, submit your manuscript | www.dovepress.com
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O'hanlon et al vagus, and recurrent laryngeal nerves as a possible cause of incomplete development of the diaphragm and resulting hernia. [14] [15] [16] However, it has also been shown in animal models of CDH that pulmonary hypoplasia precedes the occurrence of the diaphragmatic defect, suggesting an intrinsic deficiency in lung development is also present. [17] [18] [19] Thus, existing data suggests that in CDH there may be a biomolecular defect which occurs early in development that interferes with nerve, diaphragm, and lung development prior to the visceral herniation through the diaphragm defect. If NT expression is abnormal or decreased, it may be a cause at the molecular level that would help to explain and unify all of these theories.
To begin to study this theory, we evaluated NT expression in autopsy lung tissues of human CDH infants versus that of infants that expired with: 1) "normal" lungs (controls); 2) chronic lung disease (CLD); and 3) pulmonary hypertension (PPHN). Here, we report that NT expression is decreased in the bronchial and parenchymal tissue of human CDH infant lungs.
Materials and methods
Tissue samples
Autopsy lung specimens were selected from files (of the Department of Neonatology, Children's Mercy Hospital, Kansas City, MO, USA) based on infants who were histologically and clinically diagnosed with CDH, CLD, or PPHN. The control group included lung tissue from normal premature and term infants, 23-40 weeks gestational age (GA), who lived from 0 to 10 days, and died without lung disease. The lung tissue samples evaluated were obtained from a bank of previously collected (from 1985 to 2001), postmortem, paraffin-embedded, infant lung tissue blocks, of which we have previously published. 20 Samples were obtained at autopsy, conducted within 8-24 hours after death. Lung tissues were perfused and fixed using a standard method. 20 The control group included 18 samples from preterm to term gestation infants (23-40 weeks GA). The inclusion criteria for controls were that the premature infant lived ,48 hours before significant pulmonary rearchitecturing had occurred, and the term infant died within 10 days after birth of non-pulmonary processes and required minimal ventilator support prior to death. The exclusion criteria included prolonged rupture of membranes (.48 hours) and multiple congenital anomalies. The inclusion criteria for CDH (n=15) samples were all specimens in which the infant had a clinical and postmortem diagnosis of CDH. These samples are from infants who lived for ,1 to 49 days. Nine of these infants had bilateral-and the remainder had left diaphragmatic hernias. The samples used for this study were taken from the right lung or from the lobe which was least affected by hemorrhage. The CLD group consisted of 12 tissue samples from infants born from 23 to 29 weeks GA and had a clinical (oxygen dependency beyond 28 days of life or 36 weeks post conceptional age) and postmortem diagnosis of CLD. The inclusion criteria for the PPHN included six lung tissue samples from infants with the clinical and post mortem diagnosis of PPHN. Two of these infants were diagnosed with meconium aspiration syndrome, one with congenital anomalies, and three with primary PPHN. The exclusion criteria for all samples included extensive pulmonary hemorrhage seen histologically.
immunohistochemistry Formalin-fixed, paraffin-embedded lung tissue blocks cut into four micron sections were mounted on positively charged glass microscope slides and incubated at 60°C. Slides were then selected in a blinded and random fashion from the four different groups (CDH, control, PPHN, and CLD), batched together for staining after deparaffinization and rehydration. Staining was enhanced by steaming slides in a target retrieval solution (DAKO, Carpentaria, CA, USA). Subsequently, the slides were incubated in blocking serum (DAKO). The primary antibody -rabbit immunoglobulin-G NT-3 (1:600), NGF (1:500), or BDNF (1:1500) (Santa Cruz Biotechnology, Inc, Santa Cruz, CA, USA) -was applied to the slide tissue sample and incubated. The slides were immunohistochemically stained by using a secondary antibody, and then they were treated with avidin-biotin-peroxidase complex (Vectastain ABC Elite kit, Vector Laboratories, Burlingame, CA, USA). The antigenic sites were visualized by the addition of the chromogen 3,3′ diaminobenzidine and Harris hematoxylin (Fisher HealthCare, Houston, TX, USA). Negative control slides were stained using the same procedure, omitting the primary antibody.
analysis Each sample was evaluated under microscopy (×400 power) in a blinded/randomized fashion. For each sample, four fields per slide for both parenchyma and bronchioles were acquired with computerized image analysis software (AnalySIS Soft Imaging Systems, Lakewood, CO, USA). The staining intensity of the sections was scored by three blinded independent observers in a semiquantitative manner according to the following method: 0= no to scant staining, 1= light staining, 2= moderate staining, and 3= heavy staining (Figures 1 and 2 ). There were four fields per slide and three Notes: The control group scores were: R 1.00-3.00, iQR 2.00-3.00, and M 2.60. CDH group scored significantly lower: R 0.25-2.25, IQR 0.80-1.60, M 1.00, P,0.0001, CI 0.50-2.00. The CLD group scores versus control were not significantly different.
The PPHN group appears significantly decreased: R 0.00-3.00, IQR 0.00-2.25, M 1.1, P,0.007, ci 0.30-2.20, but the data are limited by the very wide range of scores and small sample size (n=6). *Shows statistical significance as indicated. Abbreviations: CDH, congenital diaphragmatic hernia; CI, confidence interval; clD, chronic lung disease; iQR, interquartile range; M, median; NgF, nerve growth factor; PPhN, pulmonary hypertension; R, range. 
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Neurotrophins in cDh observers; therefore, each slide was scored 12 times (at the bronchiole and parenchyma level). These scores were then averaged to give the final score of 0-3 at 0.25 increments for the bronchiole and parenchymal staining intensity for each slide. SPSS 3.0 software (SPSS Inc., Chicago, IL, USA) was used to apply UNIANOVA (univariate analysis of variance) analysis to compare the control group to the diseased lung tissue groups. Each of the diseased lung tissue groups were then compared with one another by applying Tukey HSD (honestly significant difference) post hoc test analysis.
Results
The control lung tissue samples stained moderate to heavy for all three NTs. There were no significant differences in NT staining intensity at different GAs (23-40 weeks 
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O'hanlon et al both the bronchiole and parenchyma levels, with NGF and NT-3 most impressively so. The CLD group was generally not significantly decreased and had a very wide range of staining intensity scores. The intensity of staining for the PPHN group appeared to be decreased, but with only six samples, the power is limited. For NGF staining at the bronchiole level ( Figure 1A and B) , control group scores range (R) 1.00-3.00, interquartile range (IQR) 2.00-3.00, with median (M) 2.60. The CDH group scored significantly lower: R 0.25-2.25, IQR 0.80-1.60, M 1.00, P,0.0001, confidence interval (CI) 0.50-2.00. The CLD group scores versus control were not significantly different. The PPHN group appears significantly decreased, R 0.00-3.00, IQR 0.00-2.25, M 1.1, P,0.007, CI 0.30-2.20; however, the data are limited by very wide range of scores and small sample size (n=6). NGF intensity scores at the parenchyma level (Figure 2A and B) for control were R 1.25-3.00, IQR 2.00-3.00, M 2.50. The CDH group was significantly decreased: R 0.25-1.50, IQR 0.50-1.00, M 0.90, P,0.0001, CI 1.00-2.30. The CLD and PPHN groups were not significantly different versus control group. For NT-3 at the bronchiole (Figure 3A and B) and parenchyma levels ( Figure 4A and B) , the CDH group had significantly less staining. At the bronchiole level ( Figure 3A and B Figure 4A and B) , the control group NT-3 intensity staining had scores R 1.25-3.00, IQR 2.00-2.50, M 2.1. The CDH group was again significantly decreased: R 0.00-1.00, IQR 0.50-1.00, M 0.75, P,0.0001, CI 0.90-2.10. In this staining, the CLD group was significantly decreased relative to control. However, there was a wide range of scoring in this group: R 0.00-2.75, IQR 0.75-2.25, M 1.00, P,0.009, CI 0.20-1.50. The PPHN group was not statistically decreased. For BDNF, the intensity of staining for the CDH group was once again significantly decreased at both the bronchiole and parenchyma levels. At the bronchiole level ( Figure 5A and B) , the control group had intensity scoring R 1.00-3.00, IQR 1.75-3.00, M 2.25 versus the CDH group R 0.00-2.00, IQR 0.25-2.00, M 1.00, P,0.001, CI 0.40-1.90. Scores for CLD and PPHN groups were not significantly different versus control group. BDNF staining at the parenchyma level ( Figure 6A and B) 
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Neurotrophins in cDh CLD, and PPHN were compared with one another. In these analyses, CDH and PPHN were not statistically different from each other in staining intensity score for all NTs evaluated at both the bronchiole and parenchyma levels. CDH group score was significantly decreased compared with CLD at the bronchiole level for NGF staining intensity (P=0.001, CI −1.90 to −0.40) and significantly decreased at both the bronchiole (P=0.002, CI −1.80 to −0.30) and parenchyma (P=0.05, CI −1.40 to −0.01) levels for NT-3. The staining intensity scores were significantly decreased for CDH compared with PPHN only at the parenchyma level for NT-3 (P=0.05, CI −1.70 to −0.02). 
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Discussion
In the present study, we investigated the expression of NTs; specifically, NGF, NT-3, and BDNF, in human autopsy lung tissue of infants who died of congenital diaphragmatic hernia. We found significantly decreased expression of these NTs in the lung tissue of infants with CDH compared with lung tissue obtained from infants who died at 23-40 weeks GA without other common neonatal lung diseases. Furthermore, the NT expression in the CDH lung tissue samples was significantly decreased for all three NTs studied at both the bronchiole and parenchymal levels, which was unique to the CDH lung tissue compared with other common neonatal lung diseases that were studied. The expression of NTs in the CLD group of lung tissue was not significantly different than the control group, except in one group of samples: the NT-3 scores at the parenchyma level. However, in all groups of samples the scoring was quite variable. The PPHN samples tended to have decreased NT expression; however, this was statistically significant for only the NGF bronchiole tissue samples. With a limited sample size, it is hard to come to any conclusions. Furthermore, these samples were obtained from infants with PPHN secondary to a wide variety of underlying causes. The decreased expression of NTs seen in some of these samples may be related developmentally to CDH. One is left to speculate that PPHN and CDH may be a spectrum of disturbance in the biochemical pathway that leads to decreased NT expression, and ultimately, disease. This is an area of research that requires more investigation. Although this study does not address whether the decreased NT expression is the underlying cause of CDH, or simply the reflection of severity of illness, it is a first step in the investigations of the role of NTs in CDH. One can speculate that inflammation and steroid exposure, both known to affect NT expression, may be involved in the wide variability of expression seen in all of the autopsy specimens and that the NT expression was a secondary finding. 1, 18, [21] [22] [23] [24] This study was limited by the sample sizes, with a preponderance of bilateral as opposed to unilateral CDHs, and the use of autopsy specimens. Would live subjects with a wide variation in degree of illness, course of disease, and treatments show the same effects in NT expression? It is known that NTs are crucial for neural crest migration. [1] [2] [3] [4] [5] [6] [7] [8] [9] Deficiency of NTs or their action is disruptive to proper development and maintenance of several organs, including the heart, and the cardiovascular and peripheral nervous system of the thoracic region. 25 The disruption in the molecular biochemical pathway which results in CDH is not understood. Studies have shown abnormal tracheal and bronchopulmonary innervation in CDH. [17] [18] [19] Other studies have shown the importance of NTs in lung development and neonatal lung diseases. [1] [2] [3] It is possible that the disruption or decreased expression of NTs in CDH plays an important role in this disease process. We have shown that there is an abnormality specific to lung tissue of CDH autopsy specimens, specifically decreased NT expression. Furthermore, this abnormality was seen with all NTs studied, which were unique to CDH compared with lung tissue of premature to term infants with or without other common neonatal lung diseases. We speculate that the decreased NT expression may be involved in the underlying pulmonary hypoplasia as well as the disruption in the diaphragm development. Further studies are needed to explore the role of deficient NT expression in the development of CDH, specifically in the development of pulmonary hypoplasia and diaphragm dysgenesis.
